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ABSTRACT 

The affects of ablation upon stony meteoric particles during their  

pas sage through the ear ths  ' atmosphere has been examined by Allen, 

Baldwin, and James  [ 1965 ] and la te r  by Kornblum [ 1968 a, b 1. In 

those studies the particles were  assumed to be non-rotating spheres  of 

5 
density 3 , 4  g/cm and the meteoroid vapor p res su re  law adopted was 

that proposed f o r  stone by Opik [ 1958 1, The effects of changes in the 

physical parameters  of the meteoroid, such as  the density and the vapor 

p res su re  law, upon the ablation is  the subject of this investigation, The 

analysis made use of the above Allen, Baldwin, and James  [ 1965 1 

ablation model together with the assumption that the front and r e a r  face 

temperatures  of the meteoritoid a r e  the same. This assumption allowed 

the use of a general s imilar i ty  variable,  6,rmcos Zco where b is the meteoroid 

density, r m  the entry radius,  and Zm the zenith entry angle. Similarity 

means that a l l  particles which have the same d r  cos Zm value have the same 
- 
r ,  velocity, and temperature his tor ies ,  where r i s  defined a s  the ra t io  of 

the instantaneous radius to the entry radius. The use of a s imilar i ty  

var iable  allows a great  simplicity in the analysis and a tremendous saving 

in computation time. Various proposed meteoroid vapor p res su re  laws 

were  examined and i t  was determined that the Norton County Achondrite and 
. . 

the Opik Iron vapor p res su re  laws would give the minimum ablation .. 
and that the Opik stone and a synthetic carbonaceous chondrite vapor 

p r e s s u r e  law would give the maximum ablation. F o r  these four vapor 

p res su re  laws the s ize,  velocity, temperature, and shielding his tor ies  of 

meteoroids  wepe calculated for  entry veloci t ies  sf 12, 15, 2 0 ,  3 0 ,  40, 



50 ,  60,  and 70  km/sec.  The general s imilar i ty  variable 5 r m  cos Zo? was 

- 6 a 
varied f rom 0. 25 kg/m3 to 5x10 kg/m . Results a r e  presented as a function 

of the general s imilar i ty  variable 6rmcos Zm and include for each of the 

vapor p res su re  laws the ratio of the residual radius to the entry radius,  the 

maximum temperature reached, and the altitude where ablation ceases .  

Also presented a r e  graphs of the residual  radius vs the entry radius for 

particular values of 6 cos Zco. The analysis i s  applicable to par t ic les  for  

3 
which the general s imilar i ty  variable brmcos  Zm, is less  than about 0. 25 kg/m . 
Over the range of the general s imilar i ty  variable examined it is found that 

ablation is important in changing the s ize  distribution of micrometeoroids,  

especially for particles with entry velocities of 30 km/sec. and greater .  



The Effect of Changes i n  t h e  Physical Parmeters of 

Micrometeoroid Upon T h e i r  Ablation 

Joseph J. Kornblum 

In order  to determine the mass  and part ic le  flux entering the ea r th ' s  

atmosphere a s  a function of the s ize of the par t ic les  f r o m  rocket, balloon, 

or  ground based collections, the s ize  changes of the particles due to ablation 

in the atmosphere must  be determined, P r i o r  studies to determine flux 

f rom sounding rocket collections have assumed that no mass  loss by abla- 

tion occurs when the radius of the entering part ic le  i s  less  than 50 microns.  

Allen, Baldwin, and James  [ 1965 ] in a recent  study have examined 

the effect of ablation upon meteoric particles. Allen et. al. calculated the 

radius change due to ablation of assumed spherical  non-rotating part ic les  

as  they decelerated f r o m  entry velocity to 0. 5 km/sec. They considered 

seve ra l  types of mater ia l  including stone over a range of the s imi lar i ty  

variabke, entry radius x cos (entry angle), r a  cos Zm, f r o m  0. 05 to 5,  000 

microns. Kornblurn [ 1968 a ]used the Allen, Baldwin, and James  ablation 

model in calculating the s ize and velocity his tory of stony micrometeoroids 

f rom entry velocity through kinet ic  terminal  velocity. A density for  stone 

3 
of 3 .4  g/cm was assumed. The values of the constants c l  and c2 adopted 

in the meteoroid vapor p res su re  law 

Log p = c l  + C ~ / T  

were  those suggested for stone by 6pik [ 1958 ] , c l  equal to 9. 6 and c2  

4 
equal to -1. 35 x 10 . Using the part ic le  his tor ies  determined above 

Kornblum [ 1968 b 1 calculated the concentration of micro  meteorites in the 

atmosphere and presented s method of predicting particle collections by 



s ounding rocket and balloon collecting techniques. 

The resu l t s  of Allen, Baldwin, and James  6 1965 1 and Kornblum , 

[ 1968 a,  b 7 indicate that  ablation significantly changes the s ize  distribution, 

of micron  sized par t ic les .  The question a r i s e s  a s  to how sensit ive a r e  these 

resu l t s  to the value of the meteori te  density and vapor p r e s s u r e  law adopted. 

It is  the purpose of this paper to examine this question. 

Allen, Baldwin,and J a m e s  Ablation Model: This  model forms  the s tar t ing 

point of this investigation and is  summar ized  below. The reader  is  r e f e r r ed  

to the paper [ Allen et. al. 1965 ] for  derivations of equations. The a s sump-  

tions underling this ablation model have been discussed by Allen et. al. [ 1965 ] 

and Kornblum [ 1968 a 1. 

The equation of par t ic le  motion is 

where rco is radius  a t  entry ,  r the radius  of the meteoroid a t  any t ime t c o r r e -  

sponding to altitude h,  and 7 the dimensionless radius r / r&  The d r a g  coeffi- 

cient i s  y ,  and 6 i s  the par t ic le  density. Z i s  the en t ry  angle measured f r o m  

the vertical ,  g i s  the accelerat ion of gravity, and v i s  the instantaneous 

velocity a t  altitude h. 

A tempera ture  difference may exis t  between the f ront  and r e a r  faces  

of the meteoroid. To es t imate  this effect, the body is treated a s  a cylindrical  

s l ab  of thickness equal to the radius. The heat conduction equation becomes,  

therefore ,  

i s )  



where k is the thermal  conductivity of the rneteorcid, c the radiation 

ern iss iv i t~ ,  5 the energy required to vaporize a unit m a s s  of the meteori tes  and w 2 

the m a s s  evaporation rate.  T I  and T 2  refer  to the front and r e a r  face 

temperatures  respectively. 

The s i ze  change due to ablation is  given by 

The mass  evaporation ra te  f r o m  the front and r e a r  face is ,  respectively,  

because the vapor p res su re  law is of the form 

log p = C l  + (c2/T) 

where b is  the sticking coefficient and R is the gas constant and is given 

by 8. 3 143/p where p is  the molecular weight of the meteoroid vapors. 

The energy input to the meteoroid is  assumed to be expended by radia-  

tion and ablation processes  only. The energy balance equation per  unit a r e a  

per  unit time is ,  therefore,  

Complete accommodation of the a i r  molecules is  assumed. Thus 

A =  9 (9 ) 

With complete accommodation, the drag  coefficient would be unity. However, 



a vaporization cor rec t ion  to the drag  force  may exis t  due to a difference in 

the f ron t  and r e a r  face evaporization ra tes .  This cor rec t ion  is  given by 

The total d rag  coefficient i s  then 

The shielding due to the meteoroid vapors i s  estimated by calculating 

the total c r o s s  section,  Y!, of a l l  vapor molecules in a s t r e a m  tube of unit 

a r e a  in front of the body and is  given by 

where  d is  the average  d iameter  and p the molecular weight of the meteoroid 

vapor molecules. 

Several  types of mater ia l s  including stone were  considered over a 

range of rm cos Z m  f r o m  0. 05 to 5000 microns by Allen et. al. [ 1965 1 .  

Allen et. al. terminated their  calculations when the velocity became l e s s  

than 500 m/sec.  

The quantity rm cos Zm behaves a s  a s imi la r i ty  var iab le  except in the 

hea t  conduction equation (3 ) .  Similar i ty  means,  for example,  that a 25 

micron  radius par t ic le  entering vertically,  cos Z = 1. 0, with a velocity 

v l ,  and a 50 micron radius par t ic le  entering a t  60' to the ver t ical ,  cos  Z =  0, 5, 

with the s a m e  entering velocity, will have the s a m e  r a n d  velo- 

city change with altitude. Allen, Baldwin, and James  have shown that  the 

e r r o r  introduced by ( 3 )  in treating r m  cos Zs5 a s  a proper  s imi la r i ty  

var iable  is  not significant, 



The Allen,  Baldwin, and James model sllpplies t o  f r e e  molecular 

condi t ions .  Kornblum 91968 a] l a t e r  showed how t h e  model may be 

extended t o  fol low the  p a r t i c l e  t o  k i n e t i c  te rmina l  v e l o c i t y  while  s t i l l  

maintaining the  use of t he  s i m i l a r i t y  v a r i a b l e .  

General S i m i l a r i t y  Variable:  The r e s u l t s  of Allen e t  a l .  [I9651 and 

of Kornblum [I968 a ]  i n d i c a t e  t h a t  t h e  f r o n t  and r e a r  f a c e  temperatures 

do not  d i f f e r  s i g n i f i c a n t l y  when rw cos Zm i s  l e s s  than  about 

5 0 ~ 1 0 - ~  meters.  For v e r t i c a l  incidence t h i s  would r e f e r  t o  p a r t i c l e s  

of about 50 micron r ad ius  and l e s s .  

Assuming t h a t  t h e  f r o n t  and r e a r  f ace  temperatures  a r e  equal ,  

then equat ions ( 3 )  and (10) drop out  and t h e r e  remains only t h e  

fol lowing equat ions 

dv - =  - g +  3~ VY 
dh v  

4F(6rm cos Zm) 

d F  b  1 0 ~ 1 + ~ 2 / T  - - 
dh - ( ~ F R T )  v(6rm cos Zw) 

These equat ions allow the  use of a  more general  s i m i l a r i t y  v a r i a b l e ,  

the  dens i ty  x  e n t r y  rad ius  x cos (en t ry  angle) ,  6 r m  cos Zw.  Equa- 

t i o n s  (14) -- (16) t oge the r  with the  use of  t he  s i m i l a r i t y  v a r i a b l e ,  6 r m  cos ZW, 

enable t h e  e f f e c t s  of changing the  meteoroid vapor p re s su re  law cons t an t s ,  c l  and 



C2 '  and the meteoroid density 6 ,  to be  simply evaluated for  par t ic les  whose 

r e a r  face  temperature is the s a m e  as the front face temperature.  This 

means restr ic t ing r, cos Z ,  to values l e s s  than around 50 microns.  The 

use of the above model when T i s  l e s s  than T would resu l t  in over es t im-  
2 1 

ating the ablation. 
Multiplying Y 'by 6 cos Z, gives 2 S -, 1 6  cos Z ,  = 6. 02 x loZ3nd (6r,cos z,) 1 (18) 

P R  1 
The use of the parameter S enables the shielding to  be evaluated using 

the general ablation variable 6 r m  cos Zm. 

The values of constants adopted a r e  

The accomodation coefficient X and the drag coefficient y a r e  both unity. 

Various proposed meteoric  vapor p res su re  laws a r e  given in Table 1. 

The energy ER dissipated by radiation processes  pe r  unit a r e a  per  second 

and E the energy dissipated by vaporization processes  pe r  unit a r e a  per  
v 

second by the meteorite for severa l  vapor p res su re  laws is shown in Figure 

1. The s u m  of ER and E when i t  diffensignificantly f r o m  E o r  Ey 
v R 

is shown by dashed lines. E and E represent  the f i r s t  and second t e r m s  
R v 

of the right hand side of equation (1 6)  which descr ibes  the way in which the 

energy received is dissipated. Only the volatile pa r t  of the carbonaceous 

chondrite vapor p res su re  law is  shown. The Liebedinec stone vapor p res su re  

law is not shown a s  it is almost  identical to the Norton County Achondrite 

vapor p res su re  law. 
. * 

It is seen f r o m  Figure I that f o r  a given aborbed energy the %ik stone 

and the carbonaceous chondrite vapor p res su re  laws give the most  vapori-  



.. 
zation. The Qpik Iron and the Norton County Aehondsite vapor p res su re  

laws give the least  ablation. (T;'omputations were  car r ied  

out for  these four vapor p res su re  laws in order  to evaluate the maximum and 

minimum ablation that could be predicted for micron sized meteoroids. 

The cases  for  which computations were  made a r e  shown in Table 2. F o r  

each value of the entry velocity, computations were  made for  values of the 

2 
similar i ty  var iable  6 rm cos Zm star t ing f r o m  250 x 1 oW3 kg/m and de -  

3 2 
creasing to 0. 005 x 10 kg/m . Whenever a value of 6 r m  cos Zoo was 

reached for  which r remained 1, implying no ablation takes place, 

sma l l e r  values of 6 r m  cos Zm were  not examined for  that entry velocity. 
- 

For  each case ,  r ,  v ,  T ,  and S were  calculated as  a function of the 

altitude and the resul ts  stored on tape for  future reference. Computations 

were  made on the Ames Research Center IBM 7094 computer. A 

starting altitude of 200 km. was adopted. Previous resul ts  of Kornblum 

1: 1968 a 1 showed that effective interaction with the atmosphere did not 
- 

occur until altitudes below 135 km. Computations ceased whenever r 

- 3 
become l e s s  than 10  , o r  the velocity became l e s s  than the kinetic terminal  

velocity Vk, or  the altitude became l e s s  than 55 k m  The kinetic terminal  

velocity, Vk , is  given by 

Vk = 0.733 g;(6rm cos Za) 

7 

where c is  the mean molecular a i r  velocity. Atmospheric parameters  were  

taken f r o m  the 1962 U. S .  Standard Atmosphere. 

Results and Discussion 

The rat io  of the final radius to the initial radius (the final value s f  s) 
is  shown in Figures  2-5 as  a function of the s imilar i ty  variable,  6rm cos  Zm 



for the various vapor p res su re  laws. Thus, for  example, one determined f r o m  
s e  

Prgure 5 for the Gpik stone vapor p res su re  law, that for a value of 6 r w c o s  Zm 

-2 2 
of 10 kg/m the rat io  of the final radius to the initial radius is 0, 2 fo r  a n  

entry velocity of 30 km/sec. Thus for  an assumed density of stone of 

3 3 3 
3. 4 x 10 kg/m (=3, 4 g/crn ) a 6 micron  radius par t ic le  entering a t  60"  to 

the ver t ica l  (cos Z = 0. 5) would be  ablated to  a 1. 2 micron  radius particle.  

F o r  random impact upon a gravitating sphere  the probability distribution of 

entry angles L Shoemaker, 1965 1 is  given by  

p Z = s in  2 2  d Z (21) 

The most: probable angle of entry is  45". Equation (21)  implies that 170 of 

the par t ic les  impacting have entry angles grea ter  than 85" and 770 have entry 

angles grea ter  than 75 ". In the Allen, Baldwin, and James  ablation model, the 

smal les t  value of cos Z for  which the s imi lar i ty  varia'ble r, cos Zw i s  s t i l l  a 

valid approximation is about 0. 25 corresponding to an angle 75 ". Thus the 

present  ablation model should be  valid for a t  least  9370 of the entering particles. 

In Figures  6-9 the residual radius is  plotted against  the entry radius for  

3 3 
the various vapor p res su re  laws for  a value of 6 cos Z, of 3.4 x 10 kg/m . 

3 
This would r e f e r  to stones of density 3. 4 g/cm entering vertically or  to 

higher va lues  of the density a t  different entry angles, Figures  10-13 show the 

3 3 
resul ts  for a value of 6 cos Z m  of 0, 85 x 10 kg/m , This would refer ,  for  

3 
example, to particles of density 3, 4 g/cm entering a t  75 " to the ver t ical ,  o r  

3 
to par t ic les  of density 1 g/cm entering a t  31" to the vertical ,  o r  to par t ic les  

5 
of density 0, 85 g/cm entering vertically, 

. 
Examining Figures 2-43 indicates that the Qpik stone vapor p res su re  law 

gives the most  ablation while the Norton county Achondsite vapor 



pressu re  law gives the least  ablation, However, even for  the Norton 

County Achondrite vapor p res su re  laws ablation is s ignificant for par t ic les  

of 10 micron radius and l a rge r  a t  entry velocities of 30 km/sec and grea ter ,  

Decreasing the density results in decreasing the ablation. 

In Table 3 the residual radius for  a 30p radius par t ic le  entering vertically 

a t  30 km/sec is  shown for  various assumed meteori te  densities and possible 

vapor p r e s s u r e  laws. It i s  seen that for a given density the variation in 

the residual radius a s  the vapor p res su re  law is varied f rom the Norton 
.. 

County Achondrite law to the Opik stone l,aw is between factors  of 5 to 6 on 

the average, F o r  a given vapor p res su re  law, halving the value of the 

meteorite density resul ts ,  on the average, in a factor of between 3 to 4 

t imes increase in the residual radius. 

F r o m  Figures  6-13 i t  is seen  that the restr ic t ion of s ize imposed 

by requiring T2 equal to T is important only for particles with entry 
1 

velocities l e s s  than 20 km/sec, F o r  higher entry velocities, the l a rge r  

s i ze  par t ic les  for  which a front and r e a r  face temperature difference 

would exis t  a r e  completely ablated and this resu l t  should be unchanged by 

consideration of such a temperature difference. 

In Figure 14 the altitude where ablation ceases  is  shown for  the 

various vapor p res su re  laws. Only cases  for which the ratio of the final 

value of the radius to the initial radius was less  than 0. 98 were  plotted. 

The altitude range is f r o m  75 to 120 km, 

The maximum temperature reached is  shown as a function of the 

s imilar i ty  var iable  6 r, cos Z ,  in Figure 15  for the various vapor p r e s s u r e  

laws. It i s  interesting to  note that while the Norton County Achondrite 

vapor p res su re  law gives the leas t  ablation, i t  gives the highest temperatures 

compared to the other vapor p res su re  laws. 



. * 
In Table 4 the shielding Y (=s/€J cos ZJ i s  shown for  the Opik stone 

and the Norton County Achondrite vapor p res su re  laws for  a value of 

3 3 
6 cos Zm equal to 10 kg/m . This corresponds to particles of density 1 g/crn 

3 

entering vertically, F o r  la rger  values of 6 cos ZW the shielding is  pro-  

portionately reduced. The shielding is shown only for the four la rges t  

radi i  examined. The value of these radi i  a r e  determined by dividing 

the s imilar i ty  variable 6 r m  cos ZW by the value assigned to 6 cos Zoo. Thus 

when calculating the shielding for a different density, both the value of the 

shielding and the corresponding particle s ize  will be changed. 

When the shielding is  evaluated for stones of density 3. 4 g/cm 
3 

3 3 
(6 cos Z = 3. 4 x 10 kg/m ) and compared to the values calculated by Allen 

et. al. [ 3965 ] , their values a r e  found to be between one and a half to 

two times l a rge r  than the values calculated in this paper. This is  within 

reasonable agreement  a s  the shielding is a very  sensitive function of the 

temperature.  Also, Allen et. al. [ 1965 1 used the 1959 ARDC model a t-  

mosphere while the present  work used the 1962 U. S. Standard Atmosphere. 

When Y equals one there  is  complete shielding; that is, every  incoming 

atmosphe:ric molecules should undergo a t  leas t  one collision with a meteoroid 

vapor molecule. The efficiency of such collisions in reducing the total 

energy t ransfer red  to the meteoroid i s  ve ry  difficult to evaluate, but i t  

s eems  probable that not too much energy should be  lost  until the incoming a i r  

molecules undergo multiple collisions. Hence a r eas  onable upper l imit  

for  the neglect of shielding might be Y equal to 0. 5. Even when Y equals 

1. 0 the effects might not be  overly important. For  assumedmeteoroid densit ies 
6 
I 3 

greater  than 1 g/crn , the shielding can be neglected for  values of the 

- 3 3 
similar i ty  variable l e s s  than about 200 x 10 kg/m . 



A method of calculating the particle his tor ies  of 

micrometeoroids in their  pas sage thru the atmosphere has been presented 

which makes use of a new similar i ty  variable:  meteoroid density x entry 

radius x cos (zenith entry angle). The use of such a s imilar i ty  variable allows 

a great  simplicity in the analysis and a tremendous saving in computation time. 

The effects of changes in the physical parameters  of the meteoroid, 

such as  the density and the vapor p res su re  law, were  evaluated. F o r  a given 

vapor p res su re  law, halving the value of the meteoroid density increases  the 

residual radius on the average by a factor of 3 to 4. The Norton County 

Achondrite vapor p res su re  law gives the minimum ablation, and the a p i k  

stone vapor p r e s s u r e  law gives the maximum ablation. For  a given meteoroid 

density the residual  radius f r o m  the Norton County Achondrite vapor p r e s s u r e  

law is on the average a factor of 5 to 6 t imes l a rge r  than the residual radius 
. . 

for  the Opik stone vapor p res su re  law. 

F o r  a l l  t h e  meteoroid vapor p res su re  laws examined, ablation was 

found to be important in changing the s ize  distribution of micrometeoroids,  

especially for  par t ic les  with entry velocities of 30 km/sec and greater .  
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Table I. 

Meteoroid V a ~ o r  P r e s s u r e  Law P a r a m e t e r s  

.. 
Opik stone 1 

.. 
Opik i r o n  

1 

Dushman i ron  
2 

Tekti te 
3 

Norton County achondri te  4 

Carbonaceous chondri te  is ynthetic f 11. 613 -1.675 x 10 
4 

(volatile p a r t )  

Carbonaceous chondri te  [syntheticf 10.63 -1. 674 x 10 
4 

( r e f r ac to ry  p a r t )  

Liebedinec Stone 
5 

13, 341 -2, 505 x 10 
4 

1. 6pik  [ 1958 ] 

2. Levin [ 1956 ] 

3. Centolonzi and Chapman [ 1966 ] 

4, Ames R e s e a r c h  Cente r ,  r e su l t s  quoted by Baldwin and Allen r 1968 7 

5. Lebedinec and suskoya-[ 1968 1 - 



Table 2 

Cases Exa,mined 

E n t r y  Veloc i ty  

V,, km/sec 

S i m i l a r i t y  V a r i a b l e  

6 r, c o s  Zm, kg/m 2 

250 x l o m 3  



Effec t  of Densi ty  and Vapor  P r e s s u r e  L a w  

On Meteor i t e  Ablation 

Res idua l  Radius  f o r  30p Radius  P a r t i c l e  E n t e r i n g  V e r t i c a l l y  a t  30 k m / s e c  

Assumed  q V?po- Pressure Law . - 
6r, c o s  Z, Norton Lounty Upik  C'arbonaceous opik pzzr) ((kg/rn2) Achondri te  I r o n  Chondr i te  Stone  



Table 4 

Y = S j &  cos z 
CO 

Y - 1. 0 cor responds  to 
complete shielding .. 

E n t r y  Radius 
(Microns) 7 0  60 20 15 12 

25 o 1 .Z i . T o  o .Ti6 o . T o  o - 7 2  o - 7 8  0.24 o .T4 

11. Norton Countv Achondrite vaDor Dressure  law 

Entry  Radius En t ry  velocity (km/s ec)  
CMicr ~ n s  ) - 7 0  - 6 0 - - - 2 0  - 15 12 - 

25 0 1. 32  1. 18 1. 02 0. 86 0 3 6  0. 40 0. 20 0. 08 



Figure 1. Energy dissipated by the particle a s  a function of surface 

temperature,  The energy dissipated by radiation processes ,  

E ~ '  and the energy dissipated by vaporization processes ,  E , 
v 

per  unit a r e a  pe r  unit t ime for severa l  proposed meteoroid 

vapor p res su re  laws a r e  shown. Dashed lines represent  the 

s u m  (ER + E ) whenever it differs significantly f r o m  ei ther  
v 

ER o r  Ev. (Figure reproduced f rom Kornblum, 1968 a). 

Figure 2. Ablation effect  on micrometeoroids for  the Norton County 

Achondrite vapor p res su re  law. This case  gives the least  

ablation, Final radius/entry radius vs. the s imilar i ty  

variable:  meteoroid density x entry radius x cos ('zenith 

entry angle), 6 rm  cos Z w O  

.. 
Figure 3. Ablation effect on micrometeoroids for  the Opik Iron vapor . 

pressure.law. Final radius/entry radius vs. the s imilar i ty  

variable:  meteoroid d e n s i t y . ~  entry radius x cos (zenith 

entry angle), 6 ra, cos Zm.  

Figure 4. Ablation effect on micrometeoroids for  the synthetic c a r -  

bonaceous chondrite vapor p res su re  law. Final  radius/ 

entry radius vs. the s imilar i ty  varia'ble: meteoroid density 

x entry radius x cos (zenith entry angle) ,  6 roo cos Zm. 

* 0 

Figure 5. Ablation effect on micrometeoroids for the Opik stone vapor 

p res su re  law, This ease gives the most ablation, F ina l  



rad ius len t r  radius  vs. the s imi la r i ty  var iable:  meteoroid 

density x entry  radius  x cos  (zenith en t ry  angle ) ,  6 rm c o s  Z 
ia 

Figure  6. Residual par t ic le  radius  vs. en t ry  radius  fo r  the Norton County 

Achondrite vapor p r e s s u r e  law when meteoroid densi ty  

3 3 
x cos (zenith en t ry  angle), 6 cos  Z w ,  equals 3, 4 x 10 kg/m . 

.. 
Figu re  7.  Residual par t i c le  radius  vs. en t ry  radius  f o r  Opik I ron vapor  

p r e s s u r e  law when meteoroid density x cos  (zenith en t ry  

3 3 
angle),  6 cos Zm , equals 3,  4 x 10 kg/m . 

Figure  8. Residual par t ic le  radius  vs. entry  radius fo r  synthetic carbona-  

ceous chondrite vapor p r e s s u r e  law when meteoroid density x 

3 3 
cos  (zenith en t ry  angle), 6 cos Zw , equals 3. 4 x 10 kg/m . 

. . 
Figure  9. Residual par t ic le  radius vs. en t ry  radius  for  Opik s tone 

vapor p r e s s u r e  law when meteoroid density x cos  (zenith en t ry  

3 3 
angle), 6 cos ZQ, , equals 3. 4 x 10 kg/m . 

Figure  10. Residual par t ic le  radius  vs. en t ry  radius f o r  Norton County 

Achondrite vapor p r e s s u r e  law when meteoroid density x 

3 3 
cos (zenith en t ry  angle), 6 cos  Zm, equals 0. 85 x 10 kg/m . 

. . 
Figure  11. Residual par t ic le  radius  vs. en t ry  radius for  Opik I ron  vapor 

p r e s s u r e  law when meteoroid density x cos (zenith en t ry  angle), 

3 3 6 cos ZQ, r equals 0. 85 x 10 kg/m . 

F i g u r e  12. Residual par t ic le  r a d i u s  vs, en t ry  radius for synthetic carbona- 



ceous chondrite vapor p res su re  law when meteoroid density 

3 3 
x cos  (zenith entry angle), 6 cos Zo, equals 0. 85 x 10 kg/m . 

'. 
Figure 13. Residual par t ic le  radius vs. entry radius for  Opik stone 

vapor p res su re  law when meteoroid density x cos (zenith 

3 3 entry angle), 6 cos Zm , equals 0. 85 x 10 kg/m . 

Figure 14. Altitude where ablation ceases  vs. the s imilar i ty  variable:  

meteoroid density x entry radius x cos (zenith entry angle), 

6 rm cos Zm , for the Norton County Achondrite, opik Iron, 

.. 
synthetic car'bonaceous chondrite, and Opik stone meteoroid 

vapor p res su re  laws. 

Figure 15. Maximum temperature reached by the meteoroids vs. the 

s imilar i ty  variable:  meteoroid density x entry radius x 

cos (zenith entry angle), 6 r m  cos Zw,  for  the Norton County 
. . 

Achondrite, Opik Iron, synthetic carboneceous chondrite, and 
. . 
Opik stone meteoroid vapor p res su re  laws. 
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